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Abstract
We hypothesized that yearling bulls selected for a 28-d breeding season would have
reduced sperm concentrations and morphology, and have increased seminal plasma
concentrations of pro-inflammatory cytokine interleukin-8 (IL-8). Yearling bulls were
selected based on a breeding soundness examination (BSE) at approximately 415 d of
age and contained at least 750 million sperm in the ejaculate, with 12 bulls randomly
selected for breeding (BREEDERS) and 12 bulls not selected for breeding (NON-
BREEDERS). After a 28-d breeding period, all bulls underwent a BSE. Plasma and
seminal plasma were collected at each time point for analysis. Data were analysed utilizing either the MIXED or GLIMMIX procedures with repeated measures in SAS with
breeding group, age and the interaction as fixed effects. Sperm concentration per ml
of ejaculate was reduced (p < .05) in yearling bulls used for breeding compared with
those not used for breeding at the end of the breeding season. Seminal plasma IL-8
concentrations in yearling bulls used for breeding were increased (p < .05) after the
breeding season compared with bulls not used for breeding. Taken together, yearling
bulls selected for a 28-d breeding season have reduced sperm production per ml of
an ejaculate and increased inflammatory response in the seminal plasma that can lead
to impaired breeding response if they are to be used for more than 30 d of breeding.
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I NTRO D U C TI O N

seasons can range from 30 to greater than 90 d in beef production systems, depending on aggressiveness of the reproductive

A breeding soundness examination (BSE) is currently the best

management. This is a greater amount of time than the spermato-

method available to evaluate fertility in bulls prior to the breed-

genic cycle in bulls (Staub & Johnson, 2018), but there is limited

ing season; however, there is still variation in how bulls that pass

research understanding how this impacts breeding soundness over

a BSE perform in multi-sire pastures (Abell et al., 2017; Bennett

time, even when the bull: female ratio is satisfactory. Given that

et al., 2021; Russell et al., 2021). A BSE is determined by measuring

sub-fertility in a single bull can have larger impacts on pregnancy

scrotal circumference, collecting an ejaculate and measuring semen

success at the end of a breeding season than sub-fertility of a single

quality using either a microscope or a computer-assisted sperm

female within the herd, it is critical to understand factors contribut-

analyser (CASA; Hopkins and Spitzer, 1997). Typically breeding

ing to fertility in beef bulls.

© 2022 Wiley-VCH GmbH. This article has been contributed to by U.S. Government employees and their work is in the public domain in the USA.
Reprod Dom Anim. 2022;00:1–9.	
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Factors that are not typically measured, such as circulating

were randomly selected to return to pasture and not be used for

and seminal plasma cytokines might be an indicator of decreased

breeding (NON-BREEDERS). The 24 bulls selected for use as either

fertility in bulls as well as impact the endometrial response as

BREEDERS or NON-BREEDERS were collected at the post-breeding

seen in other species such as pigs (O'Leary et al., 2004; Waberski

timepoint in July, 56 d after initial collection, 471 d of age [min = 449

et al., 2018). Cytokines and chemokines are important messengers

d, max = 497 d].

associated with controlling both the pro-and anti-inflammatory response (Gouwy et al., 2005). Human males suffering from infertility
have increased seminal plasma interleukin-8 (IL-8) concentrations

2.2 | Analysis of fresh semen

resulting in reduced sperm motility and morphology (Eggert-Kruse
et al., 2001). While this research has been pursued in human males,

A sub-sample of semen was analysed via a computer-assisted semen

limited research has investigated the production of seminal plasma

analysis (CASA; IVOS II; Hamilton Thorne). Semen was diluted with

or circulating cytokines in pubertal bulls.

buffer (Easy Buffer B; IMV Technologies USA) to target 60–8 0 cells

The objective of this study was to examine yearling bulls that

per field, and 3 μl of semen was pipetted onto a 20 μm capillary

were either sent out to a 28-d breeding season or returned to pas-

chamber slide (Leja; IMV Technologies USA). In total, 10 fields were

ture and not used for breeding on spermatogenic parameters of

analysed for sperm concentrations, percent motile, progressive,

quality, metabolic markers and cytokine profiles prior to and after

slow and static. A satisfactory potential breeder was considered

the breeding season. Therefore, we tested the hypotheses that (1) a

when he had a scrotal circumference ≥ 30 cm, ≥ 30% progressively

28-d breeding season will decrease sperm concentration, morphol-

motile sperm and ≥ 70% morphologically normal sperm (Koziol &

ogy and motility in yearling bulls, and (2) that a 28-d breeding season

Armstrong, 2018). After semen was collected, 1 ml was removed and

will result in an increase in concentrations of IL-8 in seminal plasma.

centrifuged at 3500 rpm for 10 min at 4°C to separate sperm from
seminal plasma. Seminal plasma was removed from the sperm and

2

|

M ATE R I A L S A N D M E TH O DS

stored at −80°C until further analysis.

2.1 | Animals and sample collections

2.3 | Breeding

All experimental procedures involving animals were approved by

The 12 BREEDERS were turned out with 250 Commercial Red heif-

the US Meat Animal Research Center (USMARC) Animal Care and

ers for a 28-d breeding season (~21:1, bull: heifer). The 12 NON-

Use Committee. Yearling MARC II bulls (¼ Simmental, ¼ Gelbvieh,

BREEDERS were returned to pasture with the 11 bulls that failed

¼ Angus, ¼ Hereford) were used for this study ([n = 38 tested,

BSE as well as the 3 bulls not randomly selected to be used in the

n = 24 used for the study]; average 415 d of age at first evalua-

study. These bulls were managed as a cohort on a single peren-

tion [min = 393 d, max = 441 d]). Bulls were collected beginning

nial grass pasture. At the end of the 28-d breeding season, the 12

at 0800 on 25 May 2021 and 20 July 2021. Bulls selected to be

BREEDERS were returned to the pasture containing the remainder

used for breeding (described below) were turned out for a 28-d

of the bulls and managed as a cohort until the post-breeding col-

breeding season from 10 June 2021 to 7 July 2021. At collection,

lection. Two BREEDERS were not ejaculated at the post-breeding

bull weights and body condition score (BCS) were recorded as well

collection due to an umbilical hernia and laceration on the tip of the

as plasma samples collected via jugular venipuncture into one 10 ml

penis; however, weights, BCS and plasma samples were collected for

EDTA vacutainer tube (Becton, Dickinson and Company) and centri-

analysis.

fuged at 3500 rpm for 20 min at 4°C. The plasma supernatant was
removed and stored at −80°C for further analysis. Scrotal circumference measurements (SC) were recorded by placing a metal scrotal

2.4 | Glucose assay

tape (Lane Manufacturers) around the widest portion of the scrotum
while holding the neck of the scrotum (Koziol & Armstrong, 2018).

Plasma and seminal plasma glucose concentrations were meas-

Semen was collected on both days via electroejaculation (Pulsator

ured using the Infinity Glucose Hexokinase reagent according to

IV; Lane Manufacturing Inc) into disposable plastic semen collec-

manufacturer specifications (Thermo Fisher Scientific) and were

tion bags. Of the 38 bulls tested on 25 May, 11 failed to meet the

measured on a Synergy H1 microplate reader (BioTek) at 450 nm.

minimum criteria to be satisfactory potential breeders and were not

(Intraplate CV: 4.13%, Across plate CV: 8.06%).

utilized for the study. Of the 27 remaining bulls, 12 bulls that were
deemed satisfactory potential breeders and had ejaculates containing at least 750 million sperm were randomly selected for breeding

2.5 | Non-esterified fatty acid assay

(BREEDERS). Of the 15 remaining bulls, which included bulls containing at least 750 million sperm in their ejaculates as well as those

Plasma and seminal plasma NEFA concentrations were measured

that did not contain the minimum sperm concentrations, n = 12

using the HR Series HR (2) NEFA kit according to manufacturer

|
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specifications (FUJIFILM Medical Systems). (Intraplate CV: 3.52%,

significant post-breeding. A p ≤ .05 was considered statistically sig-

Across plate CV: 9.66%).

nificant and tendencies were considered for a p-value between .05
and .10. Data presented as LS means ± SEM.

2.6 | Cytokine panel

3

To analyse for IL-8, plasma and seminal plasma samples were analysed with the bovine cytokine/chemokine magnetic bead panel

|
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3.1 | Body weight and BCS

1(Millipore Sigma). In addition to IL-8, the 15-plex panel included
interferon-gamma (IFN-γ), interleukin 1α (IL-1α), interleukin 1β, (IL-

Bull weights were affected by an age × breeding interaction (p = .05)

1β), interleukin 4 (IL-4), interleukin 6 (IL-6), interleukin 10 (IL10),

where there were no differences in weight between the BREEDERS

interleukin 17α (Il-17α), interleukin 36RA (IL-
36RA), interferon-

and NON-BREEDERS at 415 d of age; however, BREEDERS had

gamma-
induced protein 10 (IP-
10), monocyte chemoattractant

a greater weight loss compared with NON-
BREEDERS by 471

protein-1 (MCP-1), macrophage inflammatory protein-1α (MIP-1α),

(Figure 1a). Bull BCS was greater (p < .01) at 415 compared with

macrophage inflammatory protein-
1β (MIP-1β), tumour necro-

471 (Figure 1b). Furthermore, BCS tended (p = .07) to be less in

sis factor-alpha (TNF-α) and vascular endothelial growth factor A

BREEDERS compared with NON-BREEDERS (Figure 1c).

(VEGFA). Plasma samples were diluted 1:2, and seminal plasma samples were undiluted with 25 μl of each added into a 96-well plate
and following the manufactures instructions for analysis. (Intraplate

3.2 | Plasma and seminal plasma glucose and NEFA

CV: 9.30%, Across Plate CV: 12.20%; averaged across all cytokines).
Concentrations of plasma glucose tended to be different across
age and breeding status (p = .07) where there were no differences

2.7 | Statistical analyses

(p > .1) in concentrations of plasma glucose at 415 d of age between
BREEDERS and NON-BREEDERS bulls; however, plasma glucose de-

Data were analysed with the MIXED procedure in SAS (SAS Inst.

creased in BREEDERS bulls compared with NON-BREEDERS bulls

Inc.) incorporating repeated measures with average age (415 or 471

post-breeding at 471 d of age (Figure 2a). There were no differences

d), breeding status (BREEDERS or NON-BREEDERS) and the interac-

due to age, breeding status or the interaction for the concentra-

tions as fixed effects. The correct covariate structure was selected

tions of glucose in seminal plasma (p ≥ .15; Table 1). There were no

for each analysis. If data were collected as a percent, the GLIMMIX

differences due to age, breeding status or the interaction for scrotal

procedure in SAS was used incorporating repeated measures with

circumference (p ≥ .24; Table 1). Concentrations of plasma NEFA in-

the same main effects as stated for the MIXED model. The PROC

creased (p < .01) in bulls regardless of breeding status from 415 to 471

CORR procedure in SAS was used to determine correlations be-

d of age (Figure 2b). Concentrations of seminal plasma NEFA were not

tween seminal plasma IL-8 and different CASA parameters that were

affected by age, breeding status or the interaction (p ≥ .11; Table 1).
(b)

540
520
500
480
460
440
420
400

Body Condion Score

Weight, kg

(a)

415

471

Age, d
BREEDERS

F I G U R E 1 Effects of breeding status
and bull age on body weight (p = .05; a),
body condition score as affected by age
(p = .05; b) and body condition score as
affected by breeding status (p = .07; c).
Error bars represent the standard error of
the mean.

Body Condion Score

(c)

NON-BREEDERS

6.4
6.3
6.2
6.1
6
5.9
5.8
5.7
5.6
5.5
BREEDERS

NON-BREEDERS

Breeding Status

7
6.5
6
5.5
5
471

415

Age, d

4
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(a)

(b)

F I G U R E 2 Effects of breeding status
and bull age on the concentrations of
glucose in plasma (p = .07; a), and age
on concentration of NEFA in plasma
(p < .01; b.) as affected by bull age. Error
bars represent the standard error of the
mean.

0.6
0.5

5

NEFA, mM

Glucose, mM

6

4

0.4
0.3
0.2
0.1
0

3
415

415

471

BREEDERS

471

Age, d

Age, d
NON-BREEDERS

TA B L E 1 Scrotal circumference, seminal plasma glucose and NEFA as affected by bull age and breeding status
Age, 415 d

Age, 471 d

p-value

Measurement

BREEDER

NON-BREEDER

BREEDER

NON-BREEDER

SEM

Day

Breeding status

Day × Breeding
status

Scrotal circumference (cm)

36.3

37.1

36.1

36.9

0.65

.73

.24

.97

Seminal Plasma Glucose (mM)

15.28

12.58

11.54

13.22

2.14

.30

.85

.15

Seminal Plasma NEFA (mM)

0.03

0.02

0.02

0.03

0.005

.84

.67

.11

(a)

(b)
Mole Concentraon, M/ml

Total Concentration, M/ml

600
500
400
300
200
100
0
415

471

450
400
350
300
250
200
150
100
50
0

BREEDERS

471

415

Age, d

Age, d

NON-BREEDERS

BREEDERS

F I G U R E 3 CASA parameters
Total concentration M/ml (a), motile
concentration M/ml (b) and progressive
concentration M/ml (c) collected from
415 and 417 d from BREEDERS and
NON-BREEDERS. NON-BREEDERS had
increased (p < .05) total concentration
M/ml (a), motile concentration M/ml (b)
and progressive concentration M/ml (c) of
sperm in the ejaculate at 471 d compared
with BREEDERS. Error bars represent the
standard error of the mean.

NON-BREEDERS

Progressive Concentration, M/ml

(c)
300
250
200
150
100
50
0
415

471

Age, d
BREEDERS

NON-BREEDERS

3.3 | Computer-assisted semen analysis

concentration/ml post-breeding compared with the NON-BREEDERS
(Figure 3a). The motile concentration/ml followed a similar trend

Seminal parameters were measured in BREEDERS and NON-

with BREEDERS at 415 d increased (p < .05) compared with NON-

BREEDERS at 415 and 471 d. Differences were observed in total

BREEDERS. When semen was analysed at 471 d (post-
breeding),

concentration/ml in the age × breeding status interaction (p < .03)

the BREEDERS had reduced motile concentration/ml compared with

with BREEDERS having increased total concentration compared with

NON-BREEDERS (Figure 3b). Progressive concentration of sperm/ml

NON-BREEDERS at 415 d, while the BREEDERS had decreased total

was increased (p < .05) in the BREEDERS at 415 d compared with the

.04
.48

.95

.36
.75

.63
.99

.51

.42

.51
.49

.88
.97

.94

.23

.13
.30

.31
.60

.09

.17
.38
.16

.43

.19

.39

.33

.48

.29
.15

.19
.004

tions of IL-10, MCP-1 and MIP-1β increased (p < .05) in bulls regardless of breeding status from 415 to 471 d (Table 2). Circulating IP-10

.98

p-value

or the age x breeding status interaction (Table 2). Plasma concentra-

.52

lating concentrations of IL-36RA and VEGFA due to breeding status

.12

the assay and not analysed. There was no difference (p > .10) in circu-

.11

analysed in plasma, Il-1β, IL-4, Il-6 and IL-17α were not detectable in

.02

status or the interaction (p > .01; Table 2). Of the remaining cytokines

Day

Breeding status

Circulating concentrations of IL-8 did not differ due to age, breeding

.37

3.4 | Plasma and seminal plasma cytokines

.13

471 d post-breeding compared with the NON-BREEDERS (Figure 3c).

.22

cant reduction in progressive concentration/ml in the BREEDERS at

.001

Day × Breeding status

NON-BREEDERS. Like motile concentration/ml, there was a signifi-

.66

|
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241.03
1423.13
2061.85
1779.88
VEGFA

1358.28

29.27

64.01
114.11

115.45
78.04

156.20
116.95

67.86

154.01

86.11

MIP-1β

TNF-α

656.96

365.35
1679.89

3098.49
2203.07

1921.92
1994.04

2731.06

1638.61

2500.27

IL-36RA

IP-10

3.32

0.48
1.26

42.12
45.74

8.59
17.79

1.35
2.13

7.89

1.00

6.20

IFN-γ

IL-10

21.40

163.76

19.72

2.29
27.37

104.45
60.90

25.46

15.45

58.88

11.46
78.67

202.84
162.75

73.83

236.43
172.73

76.32
81.60

44.54
20.30
IL-1β
Seminal plasma

415 d to 417 d, whereas there was no change in IL-1α concentrations

56.70

of seminal plasma IL-1α tended to be different in the day × breeding
status interaction (p = .07), with NON-BREEDERS decreasing from

32.00

NON-BREEDERS regardless of age (p < .05, Table 2). Concentrations

23.38

to 471 d (Table 2). A significant increase was observed in concentrations of seminal plasma VEGFA in BREEDERS compared with

MIP-1β

tion (p > .10; Table 2). Seminal plasma concentrations of IL-10 tended
to increase (p = .09) in bulls regardless of breeding status from 415

VEGFA

concentrations of IFN-γ, IL-1β, IL-36RA, IP-10, MIP-1β and TNF-α due
to days of age, breeding status or the day × breeding status interac-

162.80

plasma, IL-4, IL-6, IL-17α and MIP-1α were not detectable in the assay
and were not analysed. There were no differences in seminal plasma

103.04

d, IL-
8 in BREEDERS increased compared with NON-
BREEDERS
(Figure 5a). From the remaining cytokines analysed in seminal

143.01

at 415 d for the BREEDERS and NON-BREEDERS; however, at 471

IL-36RA

ent for the age × breeding interaction (p < .05), with no difference

MCP-1

Concentrations of seminal plasma IL-8 were significantly differ-

35.08

which did not change from 415 to 471 d (Figure 4e).

243.62

BREEDERS increased from 415 to 471 d compared with BREEDERS

IL-8

breeding status in plasma was observed for TNF-α where NON-

IL-10

BREEDERS (Figure 4d). A significant interaction (p < .05) for age x

Plasma

difference was observed at 471 d between BREEDERS and NON-

NON-BREEDER

at 415 d for the BREEDERS and NON-BREEDERS, while a significant

BREEDER

(p < .05) in the age x breeding status interaction, with no difference

Cytokine/Chemokine

471 d in BREEDERS compared with NON-BREEDERS (Figure 4c).
Circulating MIP-1α concentrations were significantly different

Matrix

1α (p < .05) with a tendency (p = .06) observed at 415 d between
BREEDERS and NON-
BREEDERS, and greater concentrations at

Age, 471 d

in the BREEDERS compared with NON-BREEDERS (Figure 4b). A
significant age × breeding status interaction was observed for IL-

Age, 415 d

NON-BREEDERS; however, at 471 d, there was a significant increase

TA B L E 2 Cytokines/chemokines in plasma and seminal plasma as affected by bull age and breeding status

tus (p < .05), being reduced at 415 d in BREEDERS compared with

BREEDER

NON-BREEDER

(Figure 4a). Plasma concentrations of IFN-γ followed a similar trend
to IP-10 with a significant interaction between age and breeding sta-

243.90

10 at 471 d of age in BREEDERS compared with NON-BREEDERS

43.90

NON-BREEDERS; however, there was a significant increase in IP-

55.85

SEM

where there was no difference at 415 d between BREEDERS and

7.41

was significantly different between age and breeding status (p < .05),

5

6
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(a)

(b)

500

IFNγ (pg/ml)

IP-10 (pg/ml)

600
400
300
200
100

2.5
2
1.5
1
0.5
0

0
415

415

471

BREEDERS

BREEDERS

NON-BREEDERS

(c)

NON-BREEDERS

(d)

14

500

MIP-1α (pg/ml)

12

IL1α (pg/ml)

471

Age, d

Age, d

10
8
6
4
2
0
415

471

400
300
200
100
0

Age, d
BREEDERS

F I G U R E 4 Plasma cytokine profiles of
bulls 415 and 471 d that were classified
as BREEDERS or NON-BREEDERS after
selection for a breeding programme.
(a) Plasma IP10 was increased at 471
d in BREEDERS compared with NON-
BREEDERS (p < .05). (b) Circulating IFN-γ
was significantly increased at 471 d in
BREEDERS (p < .05). (c) Plasma IL-1α
was significantly increased in NON-
BREEDERS at 471 d (p < .05). (d) After a
breeding programme, bulls had increased
circulation of IP-10 compared with NON-
BREEDERS (p < .01). (e) NON-BREEDERS
had significantly greater circulating TNF-α
concentrations compared with BREEDERS
(p = .05). Error bars represent the
standard error of the mean.

415

471

Age, d

NON-BREEDERS

BREEDERS

NON-BREEDERS

(e)

TNFα (pg/ml)

2000
1500
1000
500
0
415

471

Age, d
BREEDERS

NON-BREEDERS

from 415 d to 471 d in the BREEDERS (Figure 5b). A significant

production and increased inflammatory cytokine concentrations

difference was also observed in seminal plasma for MCP-1 for the

compared with yearling bulls not selected for a breeding season.

day × breeding status interaction (p < .05), being less at 415 d in

Reduced sperm production at the end of 28 d might be an indi-

BREEDERS compared with NON-BREEDERS; however, by 471 d,

cator that yearling bulls working to sire a pasture with an acceptable

MCP-1 in BREEDERS increased and was equal compared with NON-

female-to-male ratio pasture may lack the spermatogenic potential

BREEDERS (Figure 5c). Seminal plasma IL-8 concentrations were not

to keep up with the number of females covered throughout the

correlated with total sperm concentration/ml (r = .0425; p = .91),

breeding season. The most recent NAHMS Beef Cow-calf Studies

progressive sperm concentration/ml (r = −.0014; p = .99) or motile

in 2017 suggest that yearling bulls approximately 15 months of age,

sperm concentration/ml (r = .03; p = .93) in the BREEDERS.

such as those used in this study, could reasonably service 15 females
(USDA, 2020). If these same bulls were to be used during a 60-or

4
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DISCUSSION

90-d breeding season, reduction in sperm concentration may result
in decreased pregnancy rates. During the breeding season, there
was a significant reduction in body weights in the BREEDERS com-

These data support our hypothesis that yearling bulls selected for

pared with NON-BREEDERS. This reduction in body weight is ex-

a 28-d breeding programme had a reduction in body weight, sperm

pected in yearling bulls selected for use in a breeding programme,

|
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(a)

(b)
800

400

700

350

600

300

IL-1α (pg/ml)

IL-8 (pg/ml)

F I G U R E 5 Seminal plasma cytokine
profiles of bulls 415 and 471 d that
were classified as BREEDERS or
NON-BREEDERS after selection for
a breeding programme. (a) Seminal
plasma concentrations of IL-8 were
significantly greater at 471 d in the
BREEDERS compared with the NON-
BREEDERS (p < .001). (b) At 415 d, IL-1α
concentrations tended to be greater in the
bulls selected for a breeding programme
(p = .07). (c) Bulls that were not selected
for a breeding programme had increased
seminal plasma concentrations of MCP-1
at 415 d (p < .01). Error bars represent the
standard error of the mean.

7

500
400
300
200
100

250
200
150
100
50

0
415

471

0
415

Age, d
BREEDERS

471

Age, d

NON-BREEDERS

BREEDERS

NON-BREEDERS

(c)
1600

MCP-1 (pg/ml)

1400
1200
1000
800
600
400
200
0
415

471

Age, d
BREEDERS

NON-BREEDERS

as activity is increased while intake decreases to service females.

reached a state where malnutrition would severely limit their ability

Typically, bulls lose between 45 and 90 kg in a breeding season,

to serve as a suitable breeder.

and bulls used on the current study lost 58 kg which suggests that

While a decrease was observed in body weight and BCS in

bull weight loss falls in line with current extension reports (Walker

BREEDERS, there was no difference in circulating NEFA concen-

et al., 2009). Bulls that were not selected due to lower sperm con-

trations due to breeding selection. Concentrations of glucose in cir-

centration at 415 d had increased sperm production at 471 d and

culation tended to be decreased in BREEDERS in samples collected

equal to that of the BREEDERS at 415 d, which could be due to in-

after the breeding season, due to reduced feed intake and increased

creased time for maturation and development. While there were no

activity during the breeding season. Neither seminal plasma NEFA or

differences in glucose or NEFA concentrations in circulation or sem-

glucose concentrations were different between breeding groups or

inal plasma, differences in circulating and seminal plasma cytokines

day of age, indicating these metabolic parameters are not affected

are indicators of increased inflammation in yearling bulls utilized in a

during yearling bull development or breeding status.

28-d breeding programme.

Yearling bulls were selected for a breeding programme based on

Differences in body weight were expected, as yearling bulls

passing a BSE and having increased total sperm concentration/ml

were developed in a dry lot setting with a diet formulated to pro-

compared with bulls that passed a BSE but had a decreased sperm

vide 2.773 Mcal/kg Metabolizable energy (ME) allowing for optimal

concentration/ml, which explains the difference at 415 d observed

weight gain to achieve pubertal status. Once yearling bulls were se-

in the CASA parameters. Post-breeding examinations demonstrated

lected for breeding and moved to pasture providing 2.07 Mcal/kg

reduction in sperm concentration per ml of ejaculate in bulls selected

ME, some weight loss was due to difference in energy availability of

for breeding. Normal spermatogenic cycle of bulls is approximately

the diet; however, large decrease in weight in the BREEDERS com-

61 days from a spermatogonia to a spermatid, with this occurring

pared with NON-BREEDERS is attributed to the increased activity in

in waves within the seminiferous tubules (Johnson et al., 2000).

those working to breed heifers vs. those returned to pasture. Since

This cycle can be impacted by different factors, such as heat and

there was a reduction in body weight in the yearling bulls selected

nutritional stress during pubertal development and throughout

for a breeding, BCS was also reduced in BREEDERS compared with

the breeding season (Mwansa & Makarechian, 1991; Rahman

NON-BREEDERS. It is recommended at the start of the breeding

et al., 2018). It has been widely speculated that sperm concentration

season, bull BCS range from 5.5 to 6.5 on a 9-point scale of which

decreases after a breeding season. Based on our results from this

bulls in the current study averaged a BCS of 6.5 suggesting ade-

study, yearling bulls have reduced concentration per ml of sperm.

quate condition score for utilization as a breeding animal (Walker

This reduction can also be an indicator of siring capacity, as the bulls

et al., 2009). Bulls used on this study went from a BCS of 6.5 to 5.5

are working to breed the maximum number of females possible.

post-breeding which suggests that while working, bulls had not yet

Yearling bulls not selected for a breeding programme had increased
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sperm concentration per ml of ejaculate and improved sperm quality

IL-8 from breeding bulls in the study is due to (1) an inflammatory

by 471 d. This observed increase could be due to allowing bulls to

response is negatively impacting sperm production, (2) a response to

continue to mature without working to breed females.

ejaculation/breeding females that increases seminal plasma IL-8 for

After a 28-d breeding season, concentrations of seminal plasma

use by the female reproductive tract and embryonic development,

IL-8 were increased in the seminal plasma of yearling bulls selected

and (3) if 2 is correct, what titration concentration of IL-8 is positively

as BREEDERS compared with NON-
BREEDERS. No differences

benefiting uterine remodelling and embryonic development, and the

were observed for IL-8 in circulation in yearling bulls regardless

translation from natural service to artificial insemination.

of breeding status. This specific cytokine is involved with the pro-

In summary, yearling bulls selected for a breeding programme

inflammatory innate immune response and induces the release of

have reduced sperm concentration per ml of ejaculate at the end

leukocytes and neutrophils (Harada et al., 1994). In human males,

of a 28-d breeding season and increased seminal plasma IL-8 con-

IL-8 concentrations in seminal plasma have been shown to be an

centrations. Reduction in sperm concentration and increase in sem-

indicator for accessory sex gland inflammation and correlated

inal plasma inflammatory cytokines are indicators that yearling bulls

with reduction in sperm concentration (Eggert-Kruse et al., 2001;

had increased siring capacity leading to reduced performance and

Koumantakis et al., 1998; Lotti et al., 2011; Maegawa et al., 2002). In

siring capacity in a 60-or 90-d breeding season. These data also

this study, there was not a correlation between sperm concentration

support the notion that yearling bulls should be replaced after 28 d

and seminal plasma IL-8 concentrations, which could lead to a differ-

with yearling bulls that have not been used in the current breeding

ent mechanism of action between men and bulls resulting in what

season to improve potential conception rates.

is occurring post-breeding with the BREEDERS. While the current
study did not investigate inflammatory effects of yearling bulls se-

AU T H O R C O N T R I B U T I O N S

lected for a breeding programme in depth with different immune cell

APS, MSC, CRD, KLM and RAC were involved with the experimental

parameters as measured by a complete blood count, it can be spec-

design. APS, MSC, CRD, KLM, RAC, JDO and ECW-J collected the

ulated at the end of a breeding season there is increased accessory

data for this experiment. APS, MSC and WTO analysed the samples

sex gland inflammation that might impact overall fertility, but more

for this experiment. APS, MSC and RAC performed the data analysis.

research is warranted in this area.

APS, MSC, CRD, KLM, WTO, RAC, JDO and ECW-J were involved in

Contrary to potential negative effects of increased IL-8 on re-

preparation of the manuscript.

ducing sperm concentrations, IL-8 might have positive effects in
seminal plasma to improve the uterine environment for fertilization
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